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FORWARD 

A series o f  tests were performed t o  check t h e  6-band and Very High 

Frequency (VHF) Communications Systems and Power subsystem t o  de te rmine  t h e  

deg rada t ion  of Appl ica t ion  Technology S a t e l l i t e  1 (ATS-1) s a t e l l i t e  

subsystems. The C-band tests were performed a t  t h e  Nat ional  Aeronaut ics  and 

Space  Adminis t ra t ion  (NASA) Arms Research Center  (ARC) due t o  t h e  a v a i l a b i l i t y  

of t he  C-band equipment. The power subsystem tests were performed a t  Goddard 

S p a c e  F l i g h t  Center.  

The r e s u l t s  of t h e s e  tests were compared wi th  t h e  r e s u l t s  ob ta ined  dur ing  

t h e  i n i t i a l  t e s t i n g  which w a s  performed a f t e r  ATS-1 w a s  launched i n  December 

1966. 

The major s p a c e c r a f t  (S/C) subsystems are s t i l l  f u n c t i o n a l ,  however, on ly  

t h e  Very High Frequency (VEF) communications system i s  p r e s e n t l y  used s i n c e  

t h e r e  i s  no C-band equipment a t  t h e  ground s t a t i o n s .  

In January 1982, maneuvers were performed t o  move ATS-1 from 148OW t o  a 

new l o c a t i o n  t o  s e r v e  t h e  T e r r i t o r y  of t h e  P a c i f i c  I s l ands .  After a series of 
s lowdown/stopping maneuvers t h e  S/C h a s  reached i t s  new l o c a t i o n  a t  164'E. 

A t  t h i s  l o c a t i o n ,  s t a t ionkeep ing  maneuvers w i l l  be r e q u i r e d  abou t  one-sixth as 
of t e n  a s  a t  148OW, reducing suppor t  requi rements  and f u e l  comswnption. 

This r e p o r t  i s  submit ted t o  Goddard Space F l i g h t  Center  (GSFC) by 

Westinghouse E l e c t r i c  Ccrpc ra t ion  i n  response  t o  NASA Cont rac t  Number NAS 

5-2 618 8 
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1.0 INTRODUCTION 

1.1 PURPOSE 

The purpose of t h i s  repdrt i s  t o  p r e s e n t  t h e  o p e r a t i o n a l  s t a t u s  of ATS-1 
a f t e r  over  16 y e a r s  i n  ope ra t ion .  This i s  accompl ished’by  comparing r e s u l t s  

o f  t h e  End of Mission (EOM)’ tests r e e e n  performed w i t h  t h e  serhs 

similar tests performed after 

Throughout t h e  years , ,  ad 

documented i n  t h e  AT9 i ca l  Data Report da t ed  

through J u l y  2-0, 2970 wvh;t;ck w a s  d i s t r i b u t e d  to- t h e  SC 

community. Other  test res e documented t n  memos and l e  

l imited d i s t r i b u J t i o n ,  some ofi h are inc luded  

l a 2  BACKGROUNI) 

The Am-1 was launched on December 7 ,  1966 us ing  a n  A t l a s  veh ie  

f i r s t  stage and a n  Agena b o o s t e r  f o r  t h e  second s t a g e .  A. St incier engime, 

developed by Jet or i -es ,  was used t o  provide  

r e q d r e d  t o  p l a c e  t h e  spac ) i n t o -  synchronous o r b i t  

a t  second apogee- 

During t‘lie fjxst e t  the S/C  spPn axEf;s, ai g value was 

note& i n  t h e  p m l a r i z a t  .( k check of t h e  s em d;ete-&nedi t h a t  the 

Us’ axial jets. were d i  

O r b i t  c o n t r o  1 maneuvers we-re s u c c e s s f u l  and &TS-1 ed at t h e  

des igna ted  o n - s t a t i o n  localzion w i t h  t h e  s i r e d  d r i f t  rate and r e l a t i v e l y  low 

The S/C c o n t a h m i  ex h wo exp.erimen.ts+ 

in the fo l l awing  areas-: m e t  i ca t ion-s ,  S/C sTabi1k.a and 

e n d o n m e n t a l  measurements. 

a- of the: an-baard subsystems h a s  been extre 

f a c t o r y  s i n c e  lam&.* Eowever as u t i l i z a t i o n  of t h e  S/C suby i-ncreastzd a 

there w e r e  c e r t a i n  anomdbs and mal func t ions  which accurzed. .  ‘Elre r e n t  

s t a t u s  of t h e  subsystems a m  d - d € i e d  be lo  

Power Subsystem 

The Power subsys tem 5 s  op.erratf.onal* The s o l a r ,  array is capablg 

t i m e  o p e r a t i o n  of t h e  VHF o r  C-band t r ansponder s ,  however, t h e  C-hand is 

c u r r e n t l y  n o t  being u t i l i i zed  due t o  l a c k  of ground s t a t i o n  equipment.  
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C-Band Equipment 

The C-band t ransponder  #l (6212/4120 MHz) s u f f e r s  a 10 dB l o s s  i n  g a i n  

a f t e r  1 0  t o  1 5  minutes  of o p e r a t i o n s .  Transponder #2 (6310/4179 MHz) is 

o p e r a t i o n a l  and was' used p r i m a r i l y  f o r  ranging'. ' 

T&C 1 '  
e_ 

The Telemetry and Command system i s  o p e r a t i o n a l ,  #however, t h e  Sun Pu l se  

Encoder (SCO1) i s  l e f t  on  con t inuous ly  due :to t h e  - d i f f i c u l t y  i n  t u r n i n g  

i t  on  once i t  i s  commanded o f f .  I &  

* ,  
8 ,  

+ I .  
Pro pu 1 si  on 

1 

The P ropu l s ion  S e m  A i s  no t  used s i n c e  i t  d t o  produce a u s a b l e  

impulse d u r i n g  maneuvers i n  May 1979; i t  i s  pre  t o  be o u t  of  f u e l .  

The Propuls ion  System B h a s  been used f o r  s t a t ionkeep ing  manuevers s i n c e  

t h e  f a i l u r e  o f  System A. The system h a s  e s s e n t i a l l y  z e r o  p r e s s u r e  and i s  
ssumed t o  have about  31 l b s  of  p r o p e l l a n t  (H202) l e f t .  I 

remely low impulse due t o  a leak-off  

e s s u r i z a t i o n .  

n i t r o g e n  whi 
'4 

PACE - 
PACE remains o p e r a t i o n a l  a n d '  i s  u t i l i z e d  f o r  e l e c t r o n i c a l l y  I . *  

> 
p o s i t i o n i n g  t h e  VHF beam and 6-band i f  necessa ry  a r d  t h e  e a r t h .  

VHF Transponder 

EME - 

The VHF t ransponder  i s  t h e  prime o p e r a t i o n q l  experiment  and i s  performing 

wi th  e s s e n t i a l l y  no d e g r a d a t i o n  s i n c e  launch  excep t  f o r  t h e  power o u t p u t ,  

which h a s  dec reased  .approximately& 3.5 dB. . 

. .  

The Environmental  Measurements Experiment and Nuta t ion  Damper are n o t  

ope ra t ed .  

I . .  
R e s i s t o  j e t  

I '  The R e s i s t o j e t  f a i l e d ,  l o s i n g  f u e l  on launc  

sscc - 
The Sp in  Scan Cloud Cover Camera % h a s +  f a i l e d ,  l o s i n g  60 dB of v ideo  g a i n  

du r ing  a t es t  -on 16  October 1972. ' ' 
2 5  . 
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1.3 HIGHLIGHTS 

The o v e r a l l  g o a l  of t h e  ATS mission was t o  advance t h e  s ta te  of t h e  a r t  

i n  t h e  areas of communications, meteorology, environmental  measurements and 

S / C  s t a b i l i z a t i o n *  Th i s  g o a l  w a s  s u c c e s s f u l l y  achieved as hundreds of 

experiments  were performed when NASA through t h e  ATS program made t h e  b e n e f i t s  

of space  communications a c c e s s i b l e  t o  t h e  p r i v a t e  s e c t o r .  The response from 

f o r e i g n  n a t i o n s ,  government a g e n c i e s ,  s ta tes ,  u n i v e r s i t i e s  and c o r p o r a t i o n s  

h a s  been overwhelming. In many cases t h e  experiments became a series of 

f i r s t s  i n  t h e i r  p a r t i c u l a r  f i e l d s / a r e a s .  

Experiments were performed i n  t h e  areas of educa t ion ,  h e a l t h ,  

communications i n c l u d i n g  a i r c r a f t  and m a r i t i m e ,  b roadcas t ing ,  meteorology, 

t i m e  and frequency d i scemina t ion ,  ranging and p o s i t i o n  f i x i n g  and d a t a  

t r ansmiss ion .  

A l i s t  of p a r t i c i p a n t s  i n  t h e  ATS-1 expe r imen t s  i nc lude :  

Foreign Nations: A u s t r a l i a ,  I n d i a ,  I t a l y ,  Japan,  Netherlands,  U.S.S*R.,  
and United Kingdom 

S t a t e s :  Alaska,  H a w a i i  

Government Agencies: U.SI Navy, U.S. Air Force,  U.S. Coast Guard, 
Department of I n t e r i o r ,  Department of T ranspor t a t ion ,  Nat ional  I n s t i t u t e  
of A l l e rgy  and I n f e c t i o u s  Diseases, Nat ional  I n s t i t u t e  of Bealth,  and 
National  Oceanic and Atmospheric Adminstration (NOAA) 

U n l v e r s i t i e s :  Duke Un ive r s i ty ,  Stanford Un ive r s i ty ,  U n i v e r s i t y  of 
Auckland N.Z. , Unive r s i ty  of C a l i f o r n i a ,  Un ive r s i ty  of H a w a i i ,  U n i v e r s i t y  
of South P a c i f i c ,  U n i v e r s i t y  of Washington and U n i v e r s i t y  o f  Wisconsin 

S i g n i f i c a n t  h i g h l i g h t s  i nc lude :  

o Transmission of real  t i m e  t e l e v i s i o n  p i c t u r e s  of f i r s t  splashdown o f  

Apollo manf l igh t  which w a s  t r a n s m i t t e d  around t h e  world, 1967. 

o Transmission of over  11,000 WEFAX weather c h a r t s  and 10,000 sa t e l l i t e  

e a r c h  p i c t u r e s ,  1968-1978- 

o Generat ion of Sp in  Scan Cloud Cover (SSCC) p i c t u r e s  f o r  p rocess ing  a t  

K a s i m a ,  Japan and Wallops I s l a n d ,  V i rg in i a .  This  was t h e  fore- runne r  

of t h e  s a t e l l i t e  p i c t u r e s  used by v i r t u a l l y  a l l  weather f o r e c a s t e r s  and 

viewed d a i l y  on U.S. TV weather r e p o r t s .  

3 



o Demonstration of c o l o r  t e l e v i s i o n  t r ansmiss ion  between USA and 

A u s t r a l i a ,  A u s t r a l i a  and I t a l y ,  A u s t r a l i a  and Japan, A u s t r a l i a  and 

I n d i a ,  and A u s t r a l i a  and Spain.  

o Demonstration o f  v a r i o u s  marititne VHF d a t a  c a t i o n s  r e c e i v e /  

t r a n s m i t  t echn iques  w i t h  United Kingdom, Nether lan rway and Japan 

o Performance of t h r e e  s t a t i o n  s imultaneous ranging experiments  t o  

provide i n p u t  f o r ,  t r i l a t e r a t i o n  o r b i t  d e t e r m i n a t i o n  program 

o Transmission of c o l l e g e  c o u r s e s  (phys i c s ,  h i s t o r y  and nu r s ing  

e d u c a t i o n )  and t u t o r i a l  s e r v i c e s  between Unive r s i ty  of H a w a i i  and 

U n i v e r s i t y  of South P a c i f i c ,  Jan-June 1972, Jan-June 1973. 

o PresenLation of medical  conferences ove r  "PEACESAT" network c o n s i s t i &  

o f  1 2  n a t i o n s ,  i n  con junc t ion  w i t h  t h e  U n i v e r s i t y  of H a w a i i ,  1971-1978. 

o P r e s e n t a t i o n  by t h e  S t a t e  of Alaska of an open forum f o r ,  t e a c h e r s  i n  

Alaska, H a w a i i  and South P a c i f i c  T e r r i t o r i e s .  

o Conduction of d a i l y  medical  conferences between d o c t o r s  of Na t iona l  

I n s t i t u t e  of Heal th  and h e a l t h  i d e s  i n  remote Alaskan v i l l a g e s .  

. Medical a i d e s  r e l a y e d  p a t i e n t s  symptoms t o  d o c t o r s  who would p r e s c r i b e  

t r ea tmen t .  1972-1978. 

o Development of t h e  "MEDLINE" medical  fnf ormation r e t r i eva l  system by 

Nat ional  I n s t i t u t e  of Health i n  c o n j u n c t i o n  w i t h  S tan fo rd  U n i v e r s i t y ,  

U n i v e r s i t y  of Alaska,  and U n i v e r s i t y  of Washington, Jan-Dec 1973. 

o Transmission of E lec t roca rd iog raphs  (EKG) from H a w a i i  t o  New Zealand 

and from Alaska t o  t h e  U n i v e r s i t y  o f  Washington, J a n  1972-May 1973. 

o P rov i s ion  f o r  communications between 100 r e s e a r c h  s c i e n t i s t s  i n  d i s e a s e  

c o n t r o l  i n  USA and P a c i f i c  areas. 

o P rov i s ion  f o r  communication l i n k  between USA'and USSR s c i e n t i s t s  du r ing  

a n  experiment w i t h  atmospheric ,  sea and ice c o n d i t i o n s ,  i n  Bering Sea,  

19 71. 
* .  
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o Performance of two way communicatian tests invo lv ing  a i r l i n e s  i n  normal 

f l i g h t s  and maneuvers t o  d rmine a i r c r a f t  o r i e n t a t i o n  e f f e c t s  and 

sa te l l i t e  communications, w i t h  t h e  Department of T ranspor t a t ion /Fede ra l  

Av ia t ion  Agency and a i r l i n e s  1 

o Performance of tests to  determine effs of v o i c e  communications 

between two aircraft and one a i r c r a f t  and ground s t a t i o n  i n  o p p o s i t e  

hemispheres,  Feb-March 

o Perf ozmance of numerous v o i c e l d a t a  t r a n s m i s s i o n  experiments between 

v a r i o u s  United S t a t e d  Coast Gtra v e s s e l s  and ground s t a t i o n s  i n  

V i r g i n i a ,  C a l i f o r n i a  and A u s t r a l i a  1968. 

o Experimentation w i t h  a tra o n n e n t i a l  i n t e r c o n n e c t i o n  t o  r e l a y  

Educat ion T e l e v i s i o n  programs between South P a c i f i c  and east  and w e s t  

c o a s t s  o f  USA i n  con junc t ion  w i t h  ATS-3, 1975-1978. 

o Relayed data from htat'tiea t o  NOkk data c e n t e r  i n  Nevada. 

2.0 C-BAND COMMBIICATXON SUBSYSTEM TESTS 

2.1 BACKGROUND 

The s p a c e c r a f t  C-Band tests were r e s t r i c t e d  t o  E f f e c t i v e  I s o t r o p i c  

Radiated Power (EIRP) and  Antenna Gain t o  System Noise Temperature Ra t io  (G/T) 

because of t h e  l imi ted  ground s t a t i o n  f a c i l f t i e s  and test  equipment. The 

first series of tests was performed a t  t h e  Rosman ground s t a t i o n  i n  November 

1980 j u s t  p r i o r  to c l o s i n g  t h e  s t a t i o n .  The second series of tests w a s  

performed i n  April and May 1982 u s i n g  t h e  Ames Research Center f a c i l i t y .  

i It should be n o t e d  t h a t  a l l  v a l u e s  a s s igned  t o  t h e  s p a c e c r a f t  are 

dependent upon the cal ibrat ion accuracy  of t h e  ground s t a t i o n .  Thus some 

d i sc repancy  may be expected among prelaunch,  i n - o r b i t ,  and EOM test r e s u l t s .  

The test r e s u l t s  are summarized i n  Tables  2-1 and 2-2 which i n c l u d e  

prelaunch and EOFf va lues .  

The prelaunch values shown in Tab les  2-1 and 2-2 w e r e  ob ta ined  from t h e  

ATS Technical h t a  Report .  The EOM v a l u e s  r e p r e s e n t  t h e  b e s t  estimate of t he  

t r u e  va lue ,  often d e r i v e d  from a n  ave rage  of s e v e r a l  measurements. 
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2 . 2  SPACECRAFT E I R P  

The C-band E I R P  c a l c u l a t e d  v a l u e s  are shown i n  Table  2-3. Measurements 

were made w i t h  t h e  s p a c e c r a f t  conf igured  p r i m a r i l y  i n  t h e  Mul t ip le  Access (MA) 

mode with one and two Travel ing Wave Tubes .(TWT). The s p a c e c r a f t  EIRP w a s  

c a l c u l a t e d  from ground s t a t i o n  measurements of rece ived  signal s t r e n g t h  

(Prg) a t  t h e  Rosman s t a t i o n ,  and from c a r r i e r - t o - n o i s e  r a t i o  (C/N) a t  t h e  

ARC s t a t i o n  ( r e f e r  t o  Appendix C f o r  sample EIRP c a l c u l a t i o n s ) .  The S/C 

t r a n s m i t t e r  power o u t p u t  te lemet ry  w a s  recorded f o r  each  of t h e  single TWT 

tes t s  performed a t  ARC. The r e s u l t i n g  powe l e v e l s  were used t o  compute t h e  

appa ren t  S/C n e t  an tenna  ga in .  This  provided a c r o s s  check on t h e  measurement 

accuracy s i n c e  any d e v i a t i o n s  of t h e  appa ren t  g a i n  from nominal i n d i c a t e s  

e i t h e r  change of  g a i n  (h igh ly  improbable) o r  an  i n a c c u r a t e  measurement. On 

t h i s  b a s i s ,  measurements of E I R P  which res ,u l t  i n  a n  apparent  antenna g a i n  

d e v i a t i o n  o f  g r e a t e r  t h a n  + 1.0 dB were excluded f r o m . f u r t h e r  cons ide ra t ion .  - 
The t r a n s m i t t e r  power ou tpu t  f o r  2 TWTs w a s  i n f e r r e d  by adding  t h e  

s e p a r a t e  c o n t r i b u t i o n s  ( i n  w a t t s ) ,  conve r t ing  t o  dBm , and s u b t r a c t i n g  the 

combiner l o s s  of  0 . 2  dB. 
. %  

As seen  from Table  2-3, on ly  a l i m i t e d  amount of  d a t a  is a v a i l a b l e  from 

t h e  Ebsman tests. This i s  because a t  t h e  t i m e  t h e  ests w e r e  performed t h e  

S/C w a s  very  c l o s e  t o  t h e  hor izon  mask of t h e  s t a t i o n  and most of t h e  d a t a  was 
contaminated by antenna blocking. 

2 . 3  SPACECRAFT G/T 
I 

The G/T of a r ece iv ing  systeni'  i s  a f igure-of-meri t  of t h e  system 

performance. A method of measuring t h e  i n - o r b i t  G/T has  been developed 

(Appendix A) which r e q u i r e s  a known s i g n a l  l e v e l  t o  be t r a n s m i t t e d  t o  the 

s p a c e c r a f t  coupled w i t h  a c c u i a t e  de t e rmina t ion  of t h e  v a r i a t i o n  of  t h e  

r e s u l t a n t  s p a c e c r a f t  t r ansmi t t ed  carr ier  o u t p u t .  The technique  r e q u i r e s  tha t  

a r e f e r e n c e  be  e s t a b l i s h e d  a t  t h e  ground s t a t i o n  wh i l e  t h e  S/C is transmitt ing 

maximum power output .  This w a s  accomplished f o r  t h e  Rosman tests by 

conf igu r ing  t h e  S/C i n  the  Frequency T r a n s l a t i o n  (FT) mode and radiating 

enough up l ink  power t o  d r i v e  t h e  s p a c e c r a f t  i n t o  s a t u r a t i o n .  An a l t e r n a t i v e  

method i s  t o  conf igu re  t h e  S/C i n  t h e  MA mode t o  e s t a b l i s h  t h e  r e f e r e n c e  

l e v e l ,  t hen  reconf igu re  t h e  S/C t o  t h e  Frequency T r a n s l a t i o n  -mode to complete  

t h e  G/T measurement. The l a t t e r  method was used f o r  t h e  ARC tests. 
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Table 2-4 shows t h e  G/T test  d a t a .  In g e n e r a l ,  each  test series r e s u l t s  

i n  s e v e r a l  measurements of downlink carrier suppres s ion  from t h e  r e f e r e n c e  

l e v e l .  The measured carr ier  suppres s ion  i s  used t o  compute t h e  G/T as 

desc r ibed  i n  Appendix D. The r e s u l t i n g  v a l u e s  are averaged t o g e t h e r  t o  o b t a i n  

t h e  b e s t  estimate of G/T. 

2 4 CONCLUSION 

2.4.1 

0 

0 

0 

0 

2.4.2 

Summary 

The EIRP from each  TWT has  degraded approximately 3 dB from prelaunch 

measurements. 

The prelaunch t r a n s m i t  n e t  an tenna  g a i n  o f  13.6 dB i s  v e r i f i e d  by E I R P  

measurements and S I C  t e l eme t ry  of t r a n s m i t t e r  power. 

The G/T of r e p e a t e r  No. 2 i s  approx ima te ly '4  dB less ( - 3 0 . 4  dB) than  

p r e c i t e d  from pre-launch parameters.  . 

Repeater  No. 1 is n o t  ope rab le  as a t ransponder  due t p  t h e  f a i l u r e .  of 

t h e  C-band r e c e i v e r .  

EIRP  Data Analysis 

The measured EIRP v a l u e s  are h i g h l y  c o r r e l a t e d  w i t h  t h e  t e l eme t ry  (TLM) 

va lues  of  S I C  power ou tpu t .  This i s  r e a d i l y  apparent  as shown i n  Table 2-3 

where t h e  measured EIRP i s  compared t o  t h e  c a l c u l a t e d  E I R P  based on TLM 

Transmit (Tx) d a t a  (column headed "from Tx TLM"). As shown, f o u r  d a t a  p o i n t s  

exceeded t h e  nominal by g r e a t e r  t han  - + 1 dB. fiese p o i n t s  were excluded from 

t h e  f i n a l  EIRP de termina t ion .  . -  The remaining 15 d a t a  p o i n t s  were s u f f i c i e n t  t o  

e s t a b l i s h  t h e  p r e s e n t  E I R P  (from ARC d a t a ) .  

Reference to B b l e  2-1 shows t h a t  t h e  measured E I R P  has  shown a g radua l  

dec rease  wi th  t i m e .  This i s  c o n s i s t e n t  w i t h  t h e  observed behavior  of similar 

type  TWT a m p l i f i e r s  accord ing  t o  t h e  TWT manufacturer  (Hughes A i r c r a f t  C o . ' ) .  . 

Telcon; F.J. Kissel, Westinghouse; R.R. Eiermann, HAC; 1 4  June 1982. 
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Table 2-4. ATS-1 EOM C-Band G/T Test Data 

Noise 
Sharing 

Downlink Correc t ion  Calcula ted  
Pwr C a r r i e r  Fac tor ,  (C.F.) I G/T 

(dBm) (dB) (dB) (dB) 

4 / 1 3 / 8 2  0 ( r e f )  
tr 1 56.5 -3 -0.2 -29.6 

55.5 -4 1.1 -29.6 
54.5 -5 2.3 -30.1 
53.5 -6 3.4 

ARC 4 / 1 2 / 8 2  
Bptr  2 

ROS 1 1 / 2 0 / 8 0  
Rptr 1 

Rptr  2 

0 ( r e f )  
56.5 -5 2.3 -32.2 
54.6 -6 3.4 -31.3 

-29.1 

Avg = -30.9 

- 53.5 -5 2 e 3  

0 ( r e f )  
5 1  -2.4 
49.5 -3 
48 -4 

0 ( r e f )  
48 -4.5 

1.3 
0.2 
1.1 

-28.7 
-2g. 3 
-28.1 

1 .8  -28.4 

(1) C.F. i s  a c o r r e c t i o n  f a c t o r  which accounts  f o r  t h e  n o i s e  power 
sha r ing  of s p a c e c r a f t  t r a n s m i t t e r  ou tput .  I ts  va lue  i s  a f u n c t i o n  of 
t he  carrier suppress ion  ( r e f e r  t o  Appendix A ) .  

( 2 )  Appendix D d e s c r i b e s  t h e  c a l c u l a t i o n  of G/T and p resen t s  a sample  
c a l c u l a t i o n .  

( 3 )  Tx Pwr c o r r e c t e d  f o r  -3 dB p o l a r i z a t i o n  o f f  s e t  a t  Ground S t a t i o n  Tx 
Antenna. 
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2.4.3 G/T Data Analysis  

As shown i n  Table  2-2, t h e  r e p e a t e r  no. 2 G/T w a s  measured by ARC t o  be 

-30.4 dB (4.0 dB less than  prelaunch p r e d i c t i o n s ) .  This  va lue  is c o n s i s t e n t  

w i t h  t h e  Rosman measurements of -28.6 dB made approximately 1.5 y e a r s  

earlier.  The two sets o f  measurements a g r e e  w i t h i n  1.8 dB which i s  remakable 

+ 

when c o n s i d e r a t i o n  i s  g i v e n  t o  t h e  f a c t  t h a t  t h e  measurements were performed 

a t  d i f f e r e n t  ground s t a t i o n , . s e p a r a t e d  i n  t i m e  and d i s t a n c e  from each  o t h e r .  

It should -be no ted  t h a t  t h e  ATS-1 F l i g h t  Mission ,'Plan l i s t s  t h e  S I C  

r e c e i v e r  n o i s e  f i g u r e  as 9 dB (vs. 6.2 dB i n  subsequent  documents). If t h e  

prelaunch va lue  w a s  indeed  9 dB, t h a n  t h e  p red ic t ed  G/T would be -29.2 dB; a 

v a l u e  which i s  n e a r l y  midway between t h e  Rosman and ARC measurements. 

3.0 VHF COMMUNICATIONS REPEATER TESTS 

3.1 GROUND STATION EIRP VS. SPACECRAFT E I R P  

The tes ts  performed i n  May 1982 i n d i c a t e  t h a t  t h e  VHF t r a n s m i t t e r  number 

I ou tou t  i s  approximately 4 dB lower t h a n  i n  1970 and ,number 2 o u t p u t  is  

approximately 3 dB lower than  i n  1970. With both r e g u l a t o r s  and t h e  waveform 

g e n e r a t o r  on,  t h e  combined ou tpu t  i s  approximately 3.5 dB below t h e  1970 l e v e l .  

from 

3.2 

be a m  

Figure 3-1 shows t h e  r e u s l t s  of t h e  May 1982 tes ts  a long  wi th  t h e  graph  

t h e  1970 ATS-1 and 3 Experimenter ' s  Guide. 

SPIN MODUtTION TESTS 

Figure 3-2 shows t h e  peak t o  peak s p i n  modulation ampli tude vs. antenna 

p o s i t i o n  p l o t s  f o r  t h e  1970 and 1982 tests. 

Although t h e  shapes  of t h e  cu rves  are s l i g h t l y  d i f f e r e n t  due t o  t h e  

number of p o i n t s  p l o t t e d  i n  1982, t h e r e  appea r s  t o  be no s i g n i f i c a n t  i n c r e a s e  

i n  s p i n  modulation. 

4.0 

Table 4-1 i s  a l i s t  of. t e l eme t ry  commands t o g e t h e r  w i t h  t h e  command 

number and amount of c u r r e n t  drawn. 
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'270 

336 
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315 

'001 

164 

2 32 

126 

37 6 

2-51 

006 
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355 

341 

-2' 36 
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2 34 

Table 4-1. Curren t  Cornsumption 

Repes te r  1 FT Mode'-ON 

Repeater  1 MA Mode ON 4-1 T9 

;Repeater 1 +Wide 'Ba 9 2  

Repeater  2 -FT Mode ON -+.1.9 4 

Repea te r  2 MA Mode ON -cia 2 

'Repeater 2 W -1-190 

Transponder 1 F i l .  1 ON +121 

ponder 1 El. 2 O N  +54 

milT 1 8 & '2 Hi& Vol tage  ON +1447 

Transponder 2 Fil. 3 ON +L2 1 

nder 2 FLl. 4 ON +5 8 

"̂I 3 &  4 U g h  age  +1432 

23 

4kgulatOT 2 ON 4-1740 

CC Rqulamr ON +I4 4 

&tat la tor  O N  +17 9 

EME FaJiload R e g u l a t m  'ON N/A 

ON N/A 

-kzmspaee ON N/A 

N/A 

ar C e l l  ON N/A 

-1 5 

EOM I(ma) 

42 00 

+200 

-,42 00 

+200 

4-2 30 

+200 

+110 

+50 

3.1 10 

+-5 0 

4-1400 

-+7 30 

31200 

t15 0 

-t60 

+230 

+10 

+10 

+10 

+lo 



5.0 OPERATIONAL AND ANOMALY/FAILURE HISTORY 

I,. . 
5.1 OPERATIONS 

The performance o f  v a r i o u s  on-board e l e c t r o n i c s  systems has  been 

extremely success fu l .  The o p e r a t i n g  times were logged d a i l y  and a t o t a l  

compi la t ion  from Paunch 0n:December 7 ,  1966 through February'  1983 i s  cob_tained . 

i n  Table 5-1. As n o t e d ,  some u n i t s  have k e a  0 p e r a t i n g . f  ove r  16  y e a r s ,  

over  4 t~imes t h e i r  expec ted  ope ra t ing  l i f e .  
i '  

. ? '  

5.2 ANO&ILY/FAILURE HISTORY 

As u t i l i z a t i o n  o f . - t h e  v a r i o u s  S/C subsystems i n c r e a s e d , ,  anomalies  and 

f a i l u r e s  occurred .  These anomalies  and f a i l u r e s  have been r e p o r t e d ,  

i n v e s t i g a t e d ,  t e s t s  performed and subsequent ly  r e so lved .  The h i s t o r y  of  Lhese 

anomalies  and f a i l u r e s  are desc r ibed  b r i e f l y  i n  subsequent  paragraphs.  A more 

,. . 1  

d e t a i l e d  account  may be  ob ta ined  from t h e  r e f e r e n c e  provided i n  each  anomaly 

f a i l u r e .  

H y d r o g g  Peroxide ,  Reac t ion  Con t ro l  System 

The Hydrogen Peroxide (H202) Reac t ion  Con t ro l  System i s  used i n  

E a s t N e s t  s t a t i o n k e e p i n g  and a t t i t u d e  c o r r e c t i o n  maneuvering. Both systems (A 

e r a t e d  normally u n t i l  t h e  f i r s t  e c l i p s e  pe r iod  whe p res su re  l e a k  

i n  bo th  systems. 

A series of tests w a s  conducted ( n u t a t i o n  experi,meqts and thermal  c y c l e  

tests), R e s u l t s  i n d i c a t e d  t h a t  t h e  l e a k  w a s  d e f i n i t e l y  t h e  form of a g a s  

(N2) l e a k  n o t  a p r o p e l l a n t  (H202) leak .  T e s t  re t s  a l s o  i n d i c a t e d  

t h a t  the l e a k  w a s  n o t  a r e s u l t  of any r u p t u r e  of ' a  weld o r  component. The 

prime s u s p e c t  i s  t h a t  the p res su re  r e l i e f  va lue  have caused t h e  p re s su re  

leak .  

, <  

j .- 
'&e system i s  s t i l l  being used f o r  s t a t ionkeep ing  and a t t i t u d e  maneuvers 

u s i r g  o n l y  t h e  p re s sh re  b u i l t  up by t h e  n a t u r a l  i n s t i b i l i t y  of H202. A 

d e t a i l e d  d e s c r i p t i o n  i s  con ta ined  i n  t h e  ATS Technica l  Data a e p o r t ,  Volume 1, 

Sec t ion  4.1.1. 
1 L  

. r  

1 6  



TABLE 5-1 
ATS-1 System Operatfons Log 

December 7 ,  1966 through February 28, 1983 

TRANSPONDER %I 
TRANSPONDER 82 
WIDE BAND DATA MODE 

Fe T .  MODE 

M e  A. MODE 

T.W.T. $1 
T.W.T. #2 

T.W.T. 113 
T.W.T. #4 
PACE #l 
PACE 8 2  
PHASE SHIFT DRIVER 
VHF REG 111 
WF REG 82 
WAVEFORM GENERATOR 411 

SSCC REG 

TLM XMTR 81 
TIM XMTR #2 

TLM XMTR #3 

TIM XMTR #4 
PCM ENCODER 81 

PCM ENCODER #2 

ST3B-CABRIER OSCILL #l 

SUB-CARRIER OSCILLATOR 82 
EME REG 

RESISTOJET 

NUTATION SENSOR 

7977 
17088 

17898 

18484 

415 7 
7667 

5589 
168 71 

10051 
328 

140605 

140074 

817 61 
79228 

2314 
1129.90 

9148 

74228 

139559 
66423 

1500 
17013 

141033 
138223 

63289 
3 

59 

1 7  



R e s i s t o  J e t  Thrus t e r  System 

The amrnonia f u e l e d -  Res i s to  Je t  T h r u s t e r .  System w a s  i n s t a l l e d  on ATS-1 as 

a n  experiment f o r  S/C e a s t - w e s t  s t a t ionkeep ing  f o r  even tua l  use  on 

Geosynchronous Orbi r ing  Environmental S a t e l l i t e  (GOES) 4 and 5. 
- '  

The experiment  w a s  a c t i v a t e d  t o  de te rmine  t h e  e f f e c t i v e  t h r u s t e r  o u t p u t s  

as  a r e s u l t  of  s p i n  pe r iod  change. e ob ta ined  and 

a f a i l u r e  a n a l y s i s  was performed. The a n a l y s i s  c o n s i s t e d  of a r e -eva lua t ion  

of  f l i g h t  d a t a  lemet ry ,  a review of t h e  S/C thermal  vacuum t e s t  d a t a ,  a 

ch rono log ica l  1 ng of events  du r ing  experiment hand l ing  and the  retesting 

of a n  engineer ing  model. 

C o n f l i c t i n g  test  resu l t s  w 

It was concluded t h a t  dur ing  system rework, p r i o r  t o  S/C thermal  vacuum 

t e s t i n g ,  t h e  p re s su re  t r ansduce r  w a s  n o t  s e a l e d  and p o s s i b l y  damaged caus ing  

abnormally h igh  mass f lows.  The t o t a l  f i r i n g  t i m e  i n  t h e  S /C  thermal  vacuum 

tes t  w a s  s u f f i c i e n t  t o  d e p l e t e  most o r  a l l  of t h e  p r o p e l l a n t .  For a d e t a i l e d  

exp lana t ion ,  see t h e  ATS Technical  Data Report ,  Volume 1, Sec t ion  2.5.2. 

Sub-Carrier Osc iLla tor  (SCOtl) 

The Sun p u l s e s  from SCO#l were used as a r e f e r e n c e  t o  de te rmine  t h e  j e t  

s t a r t  ang le '  used i n  a m a j o r i t y  of  S/C maneuvers and .  active n u t a t i o n  

experiments.  No problem occurred  wh i l e  commanding SCOlfl on and o f f  u n t i l  

a f t e r  f i v e  months. ' ken ,  some d i f f i c u l t y  occurred  a t  Rosman and la ter  

Mojave. In  each  case t h e  command would g e t  i n t o  t h e  S/C command r e g i s t e r  and 

v e r i f i c a t i o n  w a s  r ece ived  once t h e  command w a s  executed ,  however, SCOl i l  would 

n o t  t u r n  on. 

Changing t h e  d u r a t i o n  of t h e  execu te  p u l s e  from 50 MS t o  200 m s  d i d  n o t  

c o r r e c t  t h e  anomaly. Three command s t a t i o n s  t r i e d  unsuccess fu l ly  t o  t u r n  on 

SCOll. The u n i t  was f i n a l l y  commanded on and a d e c i s i o n  w a s  made t o  Leave 

S C O l l  on  i n d e f i n i t e l y ,  s i n c e  t h e  power d r a i n  was approximately 150 mW which 

w a s  i n s i g n i f i c a n t .  This d e c i s i o n  w a s  based upon t h e  cont inuing  need for SCOfl 

as a source  o f  r ea l  t i m e  d a t a  and t h e  u n c e r t a i n t y  of commanding t h e  SCO on. 

A s t u d y  i n d i c a t e d  t h a t  t h e  anomaly i s  i n  t h e  e n e r g i z a t i o n  c i r c u i t r y  o f  

SCO#l. A d e t a i l e d  d e s c r i p t i o n  of t h i s  anomaly i s  conta ined  i n  t h e  ATS 

Technical  Data Report ,  Volume i, Sect ion  4.1.1. 
. -  



Antenna E l e c t r o n i c s  Thermal E f f e c t  

When both t r ansponder s  were o p e r a t i n g  s imul t aneous ly  w i t h  f o u r  TWTs f o r  

any extended t i m e  p e r i o d ,  a drop i n  s i g n a l  s t r e n g t h  (-9dBm) was noted t o g e t h e r  

w i th  a n  i n c r e a d e  i n  an tenna  e l e c t r o n i c s  temperature .  A series of tests w a s  

performed a t  t h e  t h r e e  ground s t a t i o n s ,  u t l l i z i n g  v a r i o u s  combinations of TWTs 

whi le  t h e  r ece ived  s i g n a l  s t r e n g t h  and antenna' e l e c t r o n i c s  temperature  w a s  
monitored. Tests were performed i n  both summer and win ter ;  a d e f i n i t e  

r e l a t i o n s h i p  w a s  noted between t h e  an tenna  e l e c t r o n i c s  temp 

s u n ' s  p o s i t i o n  wi th  r e s p e c t  t o  t h e  antenna, - 2 3 O  i n  w i n t e r  and +23O i n  

summe r . 
The swmer tes t  showed t h a t  t h e  C-band beam an tenna  w a s  u n d i s t o r e d  w i t h  a 

10 dB l o s s  i n  t h e  main l o b e  and g r e a t e r  t h a n  10 dB i n  t h e  s i d e  lobes.  This 

i n d i c a t e d  t h a t  t h e  f e r r i t e s  i n  t h e  phase s h i f t e r  d r i v e r s  were f u n c t i o n i n g  

c o r r e c t l y  since o n l y  ampli tude change w a s  noted and n o t  any change i n  phase 

s h i f t .  

The antenna temperature  monitor ing p o i n t  i s  l o c a t e d  n e a r  t h e  antenna 

assembly and n o t  n e a r  any  p a r t i c u l a r  component (i.e. s c r i p l i n e ) .  The antenna 

e l e c t r o n i c s  temperature  t e l eme t ry  i n d i c a t e d  llOo. It w a s  f e l t  t h a t  t h e  

s t r i p l i n e  may have been loo t o  20' i n  e x c e s s  of t e l eme t ry  r ead ing  and 

the reby  caus ing  a s u b s t a n t i a l  s i g n a l  l o s s .  

A d e t a i l e d  d e s c r i p t i o n  of  t h i s  anomaly is con ta ined  i n  t h e  ATS Techn ica l  

Data Report ,  Volume 1, Sec t ion  4.1.1. 

Spin Scan Cloud Cover P i k t u r e  S t r eak ing  

From launch, t h e  Sp in  Scan Cloud Cover (SSCC) p i c t u r e s  appeared normal 

u n t i l  mid May 1967 when s t r e a k i n g  occurred-  This s t r e a k i n g  Cond i t ion  

re-occurred and a test  of SSCC ground equipment i n d i c a t e d  t h a t  t h e  equipment 

w a s  o p e r a t i n g  normally.  Telemetry ob ta ined  d u r i n g  t h e  s t r e a k i n g  pe r iods  

i n d i c a t e d  no abnorma l i t i e s .  However, a v a r i a t i o n  of 0.5 v o l t s  w a s  ohserved i n  

t h e  d.c. b a s e l i n e  of t h e  r e c e i v e  s i g n a l .  

A r e l a t i o n s h i p  w a s  made between p i c t u r e  s t r e a k i n g  and b a t t e r y  bus , 

vo l t age .  Whenever heavy power loads  exceeded t h e  c a p a c i t y  of t h e  S o l a r  

pane l s ,  t hen  t h e  S/C b a t t e r i e s  became t h e  primary source  of power. There- 

f o r e  whenever t h e  b a t t e r i e s  were s e v e r l y  dep lea t ed ,  any  c u r r e n t  demands would 

exceed t h e  solar pane l  c a p a b i l i t i e s  which caused t h e  s p i n  s c a n  r e g u l a t o r  t o  

o p e r a t e  under a low v o l t a g e  c o n d i t i o n .  
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Tests were performed t o  v e r i f y  s t r e a k i n g  due t o  low b a t t e r y  v o l t a g e .  A 

series of p i c t u r e s  w a s  t aken  under v a r i o u s  l o a d  c o n d i t i o n s  whi 

system w a s  monitored. S t r eak ing  w a s  caused by a r e d u c t i o n  i n  s o l a r  bus 

v o l t a g e  which prevented t h e  SSCC r e g u l a t o r  from o p e r a t i n g  i n  i t s  n 

Telemetry. i n d i c a t e d  t h a t  s t r e a k i n g  w a s  r e x a t e d  t o  r e g u l  v o l t a g e  r ead ings  

below 24 v o l t s .  Other t e s t s  were performed t o  i n s u r e  t h  e sun  a n g l e s  w e r e  

no t  * t h e  cause of , s t r e g k i n g .  To prevent  any f u r t h e r  occurrence of t h i s  

c o n d i t i o n ,  SSCC p i c t u r e s  were t a k e n  only when a low t age  c o n d i t i o n  d i d  n o t  

e x i s t  . 
For a d e t a i l e d  d e s c r i p t i o n ,  r e f e r  t o  t h e  ATS Technical  Data Report ,  

Volume 1, Sec t ion  4 .  
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APPENDIX A 

In -o rb i t  Measurement of G/T of A 

Hard-l imit ing Transponder w i t h  AGC 

The technique  of  measuring G/T i s  e s s e n t i a l l y  one of  measur the  

system n o i s e  temperature .  T h i s  is  r e a d i l y  accomplished f o r  a l i n e a r  a m p l i f i e r  

u s i n g  w e l l  e s t a b l i s h e d  t echn iques  developed f o r  measuring p l i f i e r  n o i s e  

f i g u r e ,  i .e.,  measure t h e  a m p l i f i e r  ou tpu t  er  w i t h  no i n a u t ,  t h e n  measure 

t h e  change i n  o u t p u t  w i t h  a known inpu t .  The problem becomes complex i f  

t h e  a m p l i f i e r  c o n t a i n s  a hard l imiter  which w i l l  l i m i t  on r e c e i v e r  n o i s e .  

Some assumptions m t then  be made as fo l lows:  

1. t o t a l  o u t p u t  power i s  c o n s t a n t  f o r  a l l  i n p u t  l e v e l s  

2. The in t e rmodu la t ion  products  due t o  f r o n t  end n o i s e  are  n e g l i g i b l e  

'n Using t h e  above assumptions,  t h e  s p a c e c r a f t  n o i s e  power i n p u t ,  

r e f e r r e d  t o  preamp i n p u t  i s :  

Pn = KTB (1 )  

where : 

K = Boltzman's c o n s t a n t  = 1.38 

T = S p a c e c r a f t  system n o i s e  temperature  ('Kelvin) 

B = S p a c e c r a f t  Noise Power Bandwidth 

w / O / H z  (-198.6 dEm/O/HZ) 

i s  p r o p o r t i o n a l  t o  t h e  s i g n a l  

power i n p u t ,  Ps, m u l t i p l i e d  by t h e  an tenna  g a i n ,  G ,  p l u s  t h e  n o i s e  power 

i n p u t ,  Pn; 

Pout  , The s p a c e c r a f t  o u t p u t  power, 

- = C(PsG + Pn) pour: - ps o u t  + 'n o u t  
where : 

C = c o n s t a n t  of  p r o p o r t i o n a l i t y  

ps = Ground s t a t i o n  EZRP (dBm) - pa th  l o s s  (dB) 
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For l a r g e  PsG (on t h e  o r d e r  of -70 dBm) , Pn becomes n e g l i g i b l e ,  

and t h e  t o t a l  o u t p u t  power may be cons idered  t o  be due t o  t h e  s i g n a l  i n p u t ,  

PsG. The s i g n a l  power o u t p u t ,  Ps may be observed and measured on a 

spectrum a n a l y z e r  o r  a narrowband tuned vo l tme te r .  A s  Ps i s  d e c r e a s e d ,  a 

d e c r e a s e  i n  Ps out  w i l l  occu r ,  and Pn out  must t h e n  i n c r e a s e  i n  o r d e r  t o  

m a i n t a i n  c o n s t a n t  Pout.  

. ,  

t . '  

F r D m  e q u a t i o n  ( 2 ) :  

a t  h igh  i n p u t  power: Y r o u t  - - P I s  out  = C ' P f s G  

Pout' = p s  o u t  + PR o u t  

( 2 A )  

= C(PSG + Pn) and a t  l o w  inRu t  power: 

where C is. a c o n s t a n t  of  p ropor t , i ona l i t y  and ( ' )  i a  used t o  i n d i c  

power cond i t ion .  

om t h e  above, s i n c e  P = P f O U t '  w e  have: .  o u t  
(2C) - - 

+ Pn o u t  o u t  Ps o u t  
I C'PtsG = C(PsG + Pn) I 

i :  

E rom w h i c h  : 

P',G = - C 
C '  

(P,G + Pn) 

From e q u a t i o n  ( 2 C )  :' 

pn o u t  = P'S o u t  - ps o u t  

A l s o ,  from ( 2 B )  and ( 2 A ) :  

Pn out = CPn and P I ,  out = 6' P',G 1 

which s u b s t i t u t i n g  C and C '  i n  (2D) gives': 

S u b s t i t u t i n g  f o r  Pn out from ( 2 E )  g i v e s :  
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d i v i d i n g  through by P f S G  g i v e s :  

1 = ( P I s  o u t  - P, out ) (PsG + Pn) 
P'S o u t  Pn 

o r  

1 = (1 - Psr) (PsG + Pn> 
Pn 

.k% where Ps, = 

Expanding (2F) y i e l d s :  

Pn = Pn - P s r  PSG + PsG - P s r  Pn 

From which 

or PSG 
- 1 - P,, en - 

Ps r 
( 3 )  

For t h e  s p e c i a l  case where Psr = 0.5 ( 3  dB d r o p ) ,  'Pn out i s  e q u a l  t o  P, 

o u t ,  and Pn i s  e q u a l  t o  PsG as fo l lows:  

Equat ion  ( 3 )  eva lua ted  f o r  Prs = 0.5 becomes: 

S u b s t i t u t i n g  f o r  Pn i n  e q u a t i o n  (1) g ives :  

PsG = KTB o r  G = KB - -  
T ps 

Assuming 30 MHz s p a c e c r a f t  Noise Power Bandwidth: 

G/T (dB) = -198.6 + 74.8 - Ps = -123.8 - P, ( 5  1 

where : 

Ps = Ground s t a t i o n  EIRP (dBm) - p a t h  l o s s  (d3)  
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The more 

shown i n  

g e n e r a l  case of  e q u a t i o n  ( 5 )  becomes: 
f -. 

G/T (dB) = -122.6 dB - 1 0  l o g  (l - psr) - Ps (dB) 
Ps r 

( 6 )  

C a l c u l a t i o n  of  e q u a t i o n  (6)  i s  s i m p l i f i e d  by use  o f  t h e  nomogram 

F igure  A-1 ( a t t a c h e d )  which s o l v e s  f o r  t h e  c o r r e c t i o n  f a c t o r ,  C.F.; 

A b a s i c  assumption i n  t h e  d e r i v a t i o n  j u s  presqnted  i s  t h a t  t h e  

s i g n a l - t o - n o i s e  r a t i o  i s  unchanged through t h e  C l i m i t e r  ( e s s e n t i a l l y  

performing as  a l i n e a r  d e v i c e  wi th  regard  t o  S/N).  F igure  A-2 shows t h a t  t h e  

S/N t r a n s f e r  c h a r a c t e r i s t i c  o f  a hard limiter i s  no t  l i n e a r  (I). This  e f f e c t  

has  been used t o  modify t h e  Cor rec t ion  Fac to r  c u r v e  shown i n  F i u r e  A-1. The 

r e v i s e d  curve  i s  p r e s e n t e d  i n  F igu re  A-3. 

I .  a s  

EXAMPLE 

For synchronous a l t i t u d e  (ATS-3 s u b s a t e l l i t e  po in t .  a t  -105 w e s t  

l o n g i t u d e ) ,  Rosman C-band transmitter:  

ps P (dBm) + Ggnd (dB) - L (dB) 1 ( 8 )  grid 
where : 

= Rosman T, power (dBm) 

= Rosman an tenna  g a i n  = 58.5 dB 
grid 

I? 

Ggnd 
L = Path l o s s  a t  6301 MHz = 203.2 dB ( i n c l u d e s  1.5 dB p o i n t i n g  loss) 

Thus : 
Ps - - Pgnd (dBm) - 144.7 dB 

S u b s t i t u t i n g  (7 )  and (8) i n t o  ( 6 )  g i v e s  t h e  e x p r e s s i o n  f o r  t h e  ATS-3 

s p a c e c r a f t  G/T as a f u n c t i o n  o f  Rosman t r a n s m i t t e r  power: 

(dBm) + 144.7 G/T (dB) = -123.8 - C.F. - P 
grid 

G/T (dB) = 20.9 - C.F. - P (dBm) , ( 9 )  grid 

S i m i l a r l y ,  f o r  t h e  ARC w e  have.: I 

I 

G/T (dB) = 26.6 - C.F. - P (dBm) grid 

Davenport, Jr. Applied Phys ics ,  June  1953. 
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APPENDIX B 

C a l c u l a t i o n  of System Noise Temperature from 

S p e c i f i c a t i o n  and Prelaunch Measured V a l u e s  

The s p a c e c r a f t  s::stem n o i s e  temperature  i s  dependent upon s e v e r a l  

f a c t o r s ;  p r i m a r i l y  t h e  e a r t h  n o i s e  t empera tu re ,  n o i s e  f i g u r e  of t h e  

t ransponder  and t h e  r e c e i v e  l o s s e s  o f  t h e  t ransponder .  The fo l lowing  formula 

i s  used  t o  c a l c u l a t e  t h e  s p a c e c r a f t  system n o i s e  temperature  r e f e r r e d  t o  t h e  

preamp i n p u t .  

Genera l  Formula 

T S = TA + TT + T(L-1) + L ( T R )  (1 )  
where : TA = antenna  n o i s e  temp 

TT = t r a n s m i t t e r  n o i s e  s p i l l  o v e r  i n t o  r e c e i v e r  band 

t = p h y s i c a l  temperature  of  coupl ing  network 

L = coupl ing network l o s s  between an tenna  and r e c e i v e r  

TR = LNA n o i s e  tempera ture  

(4 
The s p a c e c r a f t  r e p e a t e r  prelaunch TR w a s  measured t o  be 

92OoK1. The receive antenna  l o s s e s  are  1.6 dB ( 1 . 4 5 : l  r a t i o ) .  I n  o r b i t  

measurements show t h e  temperature  of t h e  coupl ing  network t o  be abou t  285'K 

w h i l e  30 K i s  a reasonable  assumption f o r  t h e  d e g r a d a t i o n  due t o  t r a n s m i t t e r  

t h e r m a l  n o i s e  o u t  of bind.  The an tenna  s k y  n o i s e  is  taken t o  be 2Q°K when 

looking  d i r e c t l y  a t  t h e  e a r t h  u s i n g  t h e  o n n i  d i r e c t i o n a l  r e c e i v e  antenna.  

0 

.. 

ATS Technica l  Data l ieport  s e c t i o n  7 . 1 . 1 ,  r e f .  
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Using t h e s e  v a l u e s  i n  (1 )  y i e l d s  t h e  s p a c e c r a f t  sys tem n o i s e  t empera tu res  

r e f e r r e d  t o  t h e  e l e c t r o n i c s  i n p u t .  The G/T  f o r  t h e  p re l aunch  parameters  i s  

determined by d i v i d i n g  t h e  measured g a i n  by t h e  c a l c u l a t e d  sys t em n o i s e  

temperature .  

From (1) f o r  r e p e a t e r  no. 1 '. 
Ts = 290 + 30 + 285 (1.12 - 1) + (1.12)(890) 

= 1251°K = 31.3 dB°K 

G / T  = 16.2 - 30.8 = -14.6' dB K-l 

, .  I . 

. .  . .  

. . 1  . . . . _. , 
. .  . 

1 . 
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APPENDIX C 

ATS-1 E I R P  C a l c u l a t i o n  

(Rosman and ARC Measurements) 

E I R P  = C/No* - G/T + K + F . S .  + S/C Ant. Pntg. Loss 

Rosman 11/20/80 

EIRP = C / N o  - 34.2 - 198.6 + 19715 + 2.5 

197.6 + 2.5 

= C / N o  - 32.8 r e p e a t e r  1 

- 32.7 r e p e a t e r  2 

R o s r n a n  from AGC 

EIRP = Prg - G + F.S. + S/C A n t .  Ptg .  Loss 

= Prg - 57.4 + 197.5 + 2.5 = Prg + 142.6 r p t r  1 

+ 197.6 + 2.5 142.7 r p t r  2 

A R C  4/12-13/82 

EIRP = C / N o  - 19.2** + (-198.6) + 198.2 + 2.7 r p t r  I 
+ 198.3 r p t r  2 

= G / N o  - 26.9 r p t r  1 

= C / N o  - 26.8 r p t r  2 

* 
** ARC G/T i n c l u d e s  M.8 dB c o r r e c t i o n  f o r  Noise Power Bandwidth. 

C / N o  c o r r e c t e d  as r e q u i r e d  f o r  ground s t a t i o n  p o l a r i z a t i o n  m i s m a t c h .  * 
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APPENDIX D 

ATS G/T Ca lcu la t ion  

(Rosman and ARC Measurements ) 

Rosman 11/20/80 

= -198.6 + 74.8 3- 201.7 - 58.5 - Pg + 1.5 - C.F 

201.8 ( r e p e a t e r  2 )  

= -Pg - C.F. + 20.9 r e p e a t e r  1 

21.0 r e p e a t e r  2 

ARC 4 / 1 2 - 1 3 / 8 2  

= -198.6 + 74.8 + 201.7 = 58.5 = Pg + 1 .5  - C.F. 

201.8 ( r e p e a t e r  2 )  

= -PG - C.F. + 26.6 r e p e a t e r  1 

26.7 r e p e a t e r  2 
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kG C 

ARC 

CC 

C /No 

E ZRP 

E KG 

ERE . 
E ON 

FT 

GSFC 

APPESDIX E 

Acronyms and Abbreviat ions 

Automatic Gain Control  

Ames Research Center  

Cooby Creek Ground S t a t i o n  

Carrier Power t o  Noise Power Dens i ty  R a t i o  

E f f e c t i v e  I s o t r o p i c  Radiated Power ( r e f e r r e d  

t o  an i s o t r o p i c  an tenna)  

E lec t roca rd iog raph  

Environmental  Measurements Experiment 

End o f  Mission 

Frequency T r a n s l a t i o n  

Caddard Space F l i g h t  Center 

Antenna Gain t o  System Noise Temperature 

Ra t io  

Irlult iple Access 
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N OAA Nat iona l  Oceanic and Atmospheric Adminis t ra t ion  

PACE Phased Array Con t ro l  E l e c t r o n i c s  

PCM Pulse Coded Modulation 

PE ACE SAT Pan Pac i f ic  Educat ion and Comm.uni,cation Experiments 

s/c Spacec ra f t  . i .  

sco Sub- Ca r r i e r O s  c i 1 l a  t o r 

sscc 

T& C 

TLM 

TWT 

VHF 

WBDM 

Spin  Scan Cloud Covet 
. A . )  

Telemetry and Command 

Telemetry 

t 

Trave l ing  Wave Tube 
‘ 7  

Very High Frequency 

Wide Band Data Mode 
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